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Abstract 

The results of Rb-Sr geochronology on four suites of felsic rocks from the vicinity of the Archaean 
Mons Cupri volcanic centre in the Pilbara Block of Western Australia are presented. The Caines Well 
Granite, which represents the foliated granitoid basement to the volcanic complex has a metamorphic 
age ol 2 713 « 53 Ma and an intial ratio ol 0,7040 i 0.0006 on a closelv ruled isochron. A primarv 
age of approximate!) 3 000 Ma can be calculated using a single stage strontium evolution analvsis for 
this granite. This age is in good agreement with other published data. The Mons Cupri Granite is a 
massive intrusive body and has an age of 2 366 z 60 Ma, which is significantly younger than similar 
granitoids in the East Pilbara. The Mons Cupri Porplnrv gives an age of 2 610 - 80 Ma whereas the 
Mount Brown Rhyolite has an age of 2 331 * 42 Ma,These Rb-Sr ages represent updated events rather 
than the primary ages ol the rock units. 


Introduction 

The Pilbara Block occupies approximately 60 000 km- 
of the northern part of Western Australia, and is an Ar¬ 
chaean granite-greenstone terrain where domal granitic 
batholiths up to 100 km across arc separated by 
greenstone belts made up of metamorphosed volcanic and 
sedimentar) sequences. 

The Archaean greenstone succession comprises folded 
volcanic and sedimentary units that can be traced across 
the Pilbara region (Hickman 1983). Two major groups 
within the layered greenstone succession have been 
defined—the Warrawoona and Gorge Creek Groups. The 
Warrawoona Group consists of sequences of tholciitic 
and komaiiitic lavas and intrusions inierlavered with 
eherty sediments and sequences of calc-alkaline volcanics 
cut by subvolcanic intrusives; the group is overlain 
unconformably by the dominantly sedimentary rocks of 
the Gorge Creek Group (Table I). These units, together 
with the Whim Creek Group and the Louden and Negri 
Volcanics which uncomformably overlie the Gorge Creek 
Group in the West Pilbara. are called the Pilbara 
Supergroup by Hickman (1981). The Pilbara Supergroup 
is in turn o\erknn by the Fortescue Group which is be¬ 
lieved to have been deposited between 2 700 and 2 800 
m,a. ago (Trendall 1983). 

This paper presents Rb-Sr geochronological results 
from the mineralised Mons Cupri volcanic centre, which 
is situated some 100 km south-west of Port Hcdlnnd. in 
the western part of the Pilbara Block. 


Geology of the Mons Cupri Area 

The Whim Creek Group contains a partly subaerial se¬ 
quence of calc-alkaline volcanics with associated 
epiclastic sediments which include shallow and deeper- 
vvater facies, Volcanogenie Fe-Cu-Zn sulphide mineralis¬ 
ation occurs within the Whim Creek Group at Whim 
Creek and Mons Cupri (Marston & Groves 1981). 

I itton ci a/. { 1975) defined the Whim Creek Group as 
a volcanic and sedimentary succession composed of four 
formations—The Warambic Basalt, Mons Cupri 
Volcanics. Constantine Sandstone and the Mallina For¬ 
mation. Hickman (1983) has redefined the Whim Creek 
Group as consisting, in ascending order, oft lie Warambic 
Basalt. Mons Cupri Volcanics and the Rushall Slate, and 
considers the Constantine Sandstone and the Mallina 
Formation to be part ofthe Gorge Creek Group (Table I). 
Bariev ct at. (1984) point out that there is some uncer¬ 
tainty as to whether the Whim Creek Group completely 
post-dates the Gorge Check Group or contains lateral 
equivalents of units contained in the Gorge Creek Group. 
The Whim Creek Group, as defined by Hickman (1983). 
is confined to the Whim Creek Belt which lies to the south 
of the Caines Well Granite between the Balia Balia— 
Mount Negri area and Warambic Homestead. 

The Warambic Basalt is a vesicular and amygdaloidal 
basalt which is the basal formation of the Whim Creek 
Group. It ranges in composition from basalt to andesite 
(Hickman 1983). 
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fable 1 


Stratigraphy of the Upper Pilbara Supergroup (Alter Hickman 1983) 



Group 

Maximum 

unit 

Thickness! m) 

lithology 


Fortcscuc 

Group 

Mount Roc Basalt 

200 

Massive to porphvriiic columnar 
and amavgdaloidal basalt 

p 


Negri Volcanics 

200 

Basalt and andesite 

l 

L 

B 

A 


Louden Volcanics (t 

1 000 

Basalt and ultramafies 

R 

A 

Whim 

Creek 

Group 

Rushall Slate 

200 

Slate and phvlhte 


Mons C upri Volcanics 

700 

Felsic Volcanics 

S 

1 1 


VVarambie Basalt 

200 

Vesicular basalt 

P 

fc 

R 

G 

O 

Ciorge 

Creek 

Group 

Various formations 

12 300 

Sedimentary rocks 

K 

() 

U 

P 

XX arrnwoonn 

Group 

X'arious formations 

15 600 

Tholeiitic and komatiitic 
lavas and intrusions 


The Moils Cupri Volcanics crop oul in an arcuate hell 
up lo 5 km wide which follows the southern and eastern 
margins of the Caines Well Granite. The base of the Mens 
Cupri Volcanics is predominant!) daciiie. The lax a is 
fine-grained and contains amxgdalcs filled with quart/, 
chlorite and carbonate minerals. The sequence is intruded 
b\ Icldsparphx ric dacilc plugs. The basal unit is overlain 
b> the Mount Brown Rhyolite Memberwhich isa cream, 
massive rock, common!) sphcrulilic and containing I rag* 
mentsofaphanitic felsic lax a. The Mount Brown Rhyolite 
is oxerlain bx a sequence of feisie agglomerate containing 
thin intercalations of felsiclax a and tuIT. The agglomerate 
is the host rock to the Mons Cupri copper deposit. Above 
the agglomerate finer pyroclastic rocks, tullaceous sand¬ 
stone and minor conglomerate marks the top of the Mons 
Cupri Volcanics (I lickman 1983). 

The Rushall Slate is defined b> Hickman (1983). and 
consists of grey slate and phvlhte. subordinate Hows of 
andesite and dacue. quart/iie. and lenses of felsic tuff. 

The geolog) ol the Mons Cupri xolcame centre has been 
documented bx Miller Gair (1975) and Sx lx ester 
(1976). Figure I shows the xolcame centre geojogx as in¬ 
terpreted bx Sx lx ester (!9 T 6). The oldest rocks in the area 
are granitoids oft he Caines Well Ciranite. one ol the large 
granitoid domes which are of granodioriie composition 
and arc commonlx stronglx foliated. For this stud), 
samples were collected from exposures in the Sherlock 
Rixcr. 25 km west of Mons Cupri. 

Resting unconlbrmablx upon these granitoids in the 
\iciniix of Mons Cupri. is a sequence ol intermediate to 
felsic me tax oicanics. the Mons Cupri Volcanics. The 
lower units are largely tuffaceous. although amxgdaloidal 
Hows lutxe been recorded and are most!) of rlnodacite to 
rhxolite composition, although some dacilcs and 
andesites arc present. 1 his sequence has been inti uded bx 
feldspar porphyries of rhxolite composition. These have 
broken surface to produce agglomerates, and the Mons 
Cupri base metal deposit is associated xxith one such 
agglomcraiic unit. 


The agglomerates are oxerlain b> felsic tuffs, rhyolitic 
and andesitic Hows, thin chert horizons and intercalated 
slates of the Rushall Slate. This sequence is oxerlain 
unconformahlx hx andesitic Hows and tuffs of the Negri 
Volcanics. Intruding all of these rocks is a large plug of 
sphcrulilic rhxolite. the Mount Brown Rhxolite. vchich 
has produced the domal structure present in the area. 
Mafic lntrusixe rocks of the Millinditia ( omplex range in 
composition from peridotitc to granophx re. and are xx idc- 
spread thmiighoLit the area, postdating the Mount Brown 
Rhxolite. Tlfe youngest Archaean rocks in the area are 
subxolcamc adamellite intnisixcs which haxe been called 
the Mons Cupri Granite b) Sx lx ester (1976). 

A review of radiometric ages obtained lor rock units 
within the Pilbara Block has been gixen b> De Lacier ctal. 
(1981a). and more recently hx Blake & McNnugluon 
(1984). C ompston A; Aniens (1968) reported an age of 
approximated 2 940 Ma for acid lax as from Whim Creek, 
although A mens i 1975) stated that this age may need to 
he rex ised I lowexer filton ct al (1975), quoting a per¬ 
sonal communication from An iens, suggested that the age 
max be boixxcen 2 300 and 2 500 Ma, 

I xxo galena samples from the stratiform Salt Creek de¬ 
posit. xxitliin felsic xoicanics of the Whim Creek Group, 
gix e a model age of 2 950 10 Ma (Richards & Blocklc), 

1984). The aufhurs argued that the base of the Foriescuc 
Group cannot he younger than 2 800 Ma. Clulson ct al. 
(19S3) also obtained a Pb-Pb isochron age of 2 940 « 20 
Ma for felsic xoicanics at Salt ( reck. Richards(1983) also 
reports an age of 2 930 ♦ 10 Ma lor a galena Irom Mons 
Cupri. Fletcher (Pers. comm.) reports a Sm-Nd model age 
of 3 000 - 40 Ma from the Mount Brown Rhxolite. 

Korseh & Gulson (1986) haxe recent lx dated some 
samples from the Millmdinna Complex to gixe a Sm-Nd 
xx hole rock/mineral age of 2 8 30 • 20 Ma and a Ph-Pb 
xx hole rock age of 2 960 20 Ma. the Millmdinna C om- 

plex comprises a suite of lax orvd rocks ranging in .compo¬ 
sition from mafic to ullramafic around the margin of the 
Caines Well Ciranite (Filton ct al. 1975). The authors 
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point om that the different ages obtained by the two 
methods probably arises from the limited disperson in 
lead isotope ratios in the samples, but believe that an age 
ol 2 900 Ma is consistent with the geology and 
geoehronology of the area. Korseh & Gulson (I 986) argue 
that the time difference between the formation of the 
Whim ('reek Group and the emplacement of the 
Millindinna Complex is probably quite short. 

The base of the Warrawoona (iroup is well established 
at approximate!) 3 500 Ma, but the duration of xolcanism 
and the onset of the Gorge ( reek sedimentation is still an 
open question (Blake 5c McNaughion 1984). However 
geoehronologieal e\ idenee from zircons from the Boobina 
Bor pin rs (Pidgeon 1984) and galena Ph model ages from 
\eins in the upper part of the Warrawoona Group 
(Richards ct at. 1981), suggests an end of volcanism at 
about 3 300 Ma. 1 bus the Gorge ( reek and \\ him Creek 
(vroupsarc constrained between 3 300 Ma and 2 800 Ma. 


Analytical Methods 

Whole rock major element analyses were carried out by 
X-ra\ fluorescence spectrometry’ using the method of 
Norrish 5c Chappel (1967), except for sodium which was 
determined b> atomic absorption spectroscopy. 

The experimental procedures for the Rb-Sr anaKses are 
essentially as reported by De Laeter cl ai (1981b). The 
\ a I tie of k Sr/ x,, Sr for the NBS 987 strontium standard 


measured during this project was 0,71021 * .00012. nor¬ 
malized to a KK Sr/ Kft Sr value of 8.3752. Regression analyses 
of the data was carried out using the least squares program 
ot McIntyre ct ai (1966). with a s "Rb decay constant of 
1.42 \ I0* l, yr. Measured Rb and Sr concentrations and 
Rb/Sr ratios as determined by X-ray iluorescence spcc- 
trometry are listed with the mass spcciromctric determi¬ 
nations m Table 2. Errors accompanying the data are at 
the 95% confidence le\ el although the Rb and Sr concen¬ 
trations are only accurate to * 5%, 

Results and Discussion 

Major element whole rock analyses of some of the 
samples used lor geochronology are listed in Table 3. The 
results demonstrate that these rocks are relatively un¬ 
altered and of comparable composition to lypicafeale- 
alkaline rocks of similar silica content. 

_ The nine samples of Caines Well Granite define a well- 
fitted isochron as shown in Figure 2. The age of these 
samples is 2713 - 53 Ma and the imitial *\Xr/*\Sr ratio is 
0.7040 - 0.0006 with a mean square of weighted deviates 
(MSW D) ol 0,51. Two of the samples are mineraf separ¬ 
ates extracted from the corresponding whole rock 
samples. Blake 5c McNaughion (1984) haxc shown that 
granitoids and gneisses from baiholilhs of the Pilbnra 
Block show a range of ages of approximately 3 500 to 
2 850 Ma by U-Pb, Pb-Pb and Sm-Nd geochronology, 
whereas the corresponding Rb-Sr ages tend to be lower, 
()\ersb\ (1976) detected metamorphic overprinting in 
similar rocks at 2 751 +31 Ma, 2 786 - 38 Ma and 2 769 
' 13 Ma. 
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Table 2 


Rb*Sr Analytical Data for Mons Cupri Volcanic Centre Samples 


Sample 

Rb(ppm) 

Sr(ppm) 

Rb/Sr 

* 7 Rb/ sr> Sr 

"•Sr/^Sr 

Camcs Well G 

90223 

ranile 

61 

502 

0.123 


0.002 

0.358 z 0.005 

0.71799 


0.00019 

83995(L) 

120 

654 

0.183 

- 

0.002 

0.529 - 0.007 

0.72457 

i 

0 00031 

83995 

75 

405 

0.188 

t 

0.002 

0.544 - 0.007 

0.72513 

♦ 

0.00029 

90224 

115 

510 

0.228 


0.003 

0.660 i 0.008 

0.72997 

* 

0.00054 

90225 

61 

256 

0 236 


0.003 

0 . 6 S - 0.01 

0.73076 

* 

0.00033 

90226 

71 

299 

0.240 

, 

0.003 

0.70 ±0.01 

0.73164 

* 

0.00022 

84065 

1 15 

380 

0.300 

* 

0.004 

0.87 - 0.01 

0.73864 

i 

0.00025 

84066(L) 

204 

421 

0.484 


0.005 

1.40 * 0.02 

0.75862 

t 

0.00024 

84066 

170 

265 

0.640 


0.007 

1.86 0.02 

0.77703 

t 

0.00025 

Mons Cupri G 

84000 

ran tic 

130 

180 

0.72 


0.007 

2.08 r 0.02 

0.781 14 


0.00031 

83996 

160 

110 

1.45 

» 

0.02 

4.19 • 0.04 

0.85435 

• 

0.00033 

83998 

70 

37 

1.89 


0.02 

5.64 - 0.05 

0.91394 

* 

0.00029 

84003 

133 

49 

2.69 

i 

0.03 

7.97 ? 0.08 

0.9S399 

Z 

0 00025 

83999 

75 

22 

3.41 

, 

0.03 

10.0 iO.I 

1.06753 

- 

0.00033 

* 84002 

334 

30 

10.9 

, 

0.1 

34.3 - 0.3 

1.63373 

♦ 

0.00035 

84001 

277 

23 

11.9 


0.1 

38.7 - 0.4 

2.03424 


0.00040 

Ml. Brown Th 

84004 

value 

30 

165 

0.178 


0.002 

0.52 t 0,05 

0.73118 


0,0001 5 

8398 7(L) 

265 

178 

0.68 


0.007 

1.98 * 0.02 

0.7 7990 

- 

0.00014 

83987 

85 

120 

0.71 


0.007 

2.03 * 0.02 

0.78209 

- 

0.00018 

83992 

80 

90 

0.89 

, 

0.009 

2.53 ± 0.03 

0.7971 1 

* 

0.00025 

83993 

110 

1 15 

0.95 

* 

0.01 

2.77 0.03 

0.80698 

- 

0.00023 

83988 

125 

130 

0.98 

♦ 

0.01 

2.86 i 0.03 

0.81 146 

z 

0.00022 

83989 

135 

40 

3.38 

* 

0.03 

9.65 :0.l 

1.03813 


0.00031 

Mons Cupri P 
84010 

orphvry 

60 

160 

0.38 

, 

0.004 

1.07 - 0.01 

0.74171 

r 

0.00025 

84017 

84 

109 

0.79 


0.008 

2 30 - 0.02 

0.79126 

* 

0.00018 

8401 3 

130 

155 

0.90 

, 

0.009 

2 62 * 0.03 

0.801 S4 

• 

0.00029 

8401 2 

80 

45 

1.78 

* 

0.02 

5.24 0.05 

0.89758 


0.00031 

84015 

208 

73 

2.87 

* 

0.03 

8.5 - 0.09 

1.02034 

i 

0.00032 

84014 

171 

47 

3.65 

- 

0.04 

11.0 - 0.01 

1.12206 


0.00035 


Description 


Recnstallised biotite granodiorite 
'Light’ mineral separate 
Recrystalliscd biotite granodiontc 
Rccrystallised bioliie granodiorite 
Recnstallised biotite granodiorite 
Recry siallised bioiite liornblendc granodiontc 
Recnstallised biotite granodiorite 
Light’ mineral separate 
Keen siallised biotite granodiorite 


Recnstallised sericitic. chlontic adamellite 
Senttctscd and carbonated adamellite 
Recnstallised chlorine adamallite 
Recnstallised chlontic adamallite 
Recrystallised chlorine adamallite 
Serialised. silicitled and chlorinscd adamellite 
Sertctnsed, chlonttsed and carbonated adamellite- 
granite 


Chlorine, finegraned rhyolite 

'Light’ mineral separate 

Massive spherulitic rhyolite 

Slighilv seriemsed rhyolite 

Massive, fine-grained rhyolite 

Massive spherulitic rhyolite 

Serialised and carbonated spherulitic rhyolite 


Breccia led, chlorinscd and carbonated feldspar 
porphvn 

Silicihed feldspar porphvrv 
Brccciaicd, serialised feldspar porphyry 
Brecciated. serialised chlorinscd feldspar porphvn 
Slightly chlontic feldspar porphyn 
Serieitiscd feldspar porphyry 


* This sample is not included in the isochron for the Mons Cupri Granite. 


Table 3 


Representative analyses of calc-alkaline volcanics and associated high level intrusive* Irom the Mons C upri Volcanic Centre 



Caines Well Granite 
83995 84065 84066 

Mons Cupri Granite 

84000 83996 82998 83999 

83987 

Mount Brown Rhyolite 
83992 83993 83988 

83989 

Mons Cupri Porphyry- 
84010 84013 84012 

SiCb 

TiCb 

73.55 

73.37 

70.13 

72.15 

65.57 

76.20 

76.87 

73.88 

77.05 

75.41 

76.39 

76.19 

70.54 

77.39 

67.45 

0.16 

0.16 

0.17 

0.25 

0.33 

0.32 

0.32 

0.50 

0.45 

0.48 

0.45 

0.45 

0.56 

0.56 

0.68 

AI 2 O 3 

Fct 0 3 

14.66 

16.05 

16.30 

14.13 

15.07 

11.15 

10.99 

12.87 

12.41 

12.67 

12.61 

11.50 

12.67 

12.33 

13.59 

0.30 

LOO 

2.39 

0.76 

0.62 

1.42 

LI 3 

0.38 

0.30 

0.43 

0.04 

0 71 

0.35 

0.49 

0.71 

FcO 

0.91 

0.01 

0.01 

1.42 

3.03 

1.66 

1.86 

1.40 

0.71 

0.33 

0.75 

1.56 

3.68 

0.53 

5.93 

MnO 

0.02 

0.03 

0.03 

0.03 

0.06 

0.05 

0.05 

0.05 

0.03 

0.03 

0.04 

0.04 

0.08 

0.04 

0.10 

MgO 

0.41 

0.18 

0.62 

0.63 

2.95 

0.19 

0.18 

0.26 

0.17 

0.16 

0.15 

0.89 

0.80 

0.71 

1.40 

CaO 

1.97 

1.40 

2.17 

1.35 

1.52 

0.70 

0.66 

1.29 

0.31 

0.91 

1.26 

1.34 

1.25 

0.48 

1.07 

NavO 

4.75 

4.45 

4.72 

3.90 

0.57 

3.66 

3.39 

5.33 

4 78 

4.74 

3.57 

0.18 

4.14 

3.22 

1.96 

k 2 o 

2.76 

3.94 

2.91 

4.37 

5.36 

3.91 

4 13 

2.95 

3.05 

3.94 

3.62 

4.35 

3.52 

2.52 

3.19 

p 2°5 

LOI 

0.05 

0.04 

0.03 

0.09 

0.13 

0.03 

0.03 

0.13 

0.12 

0.13 

0.11 

0.12 

0.12 

0.05 

0.14 

0.90 

0.77 

0.74 

1.66 

4.72 

0.67 

0.67 

1.71 

1.03 

1.40 

1.06 

0.34 

2.53 

2.07 

3.62 

Toial 

100.44 

101.40 

100.22 

100.74 

99.93 

99.96 

100.28 

100.75 

100.41 

100.63 

100.05 

97.67 

100.24 

100.39 

99.84 


Strontium evolution analvsis ot the data from Caines 
Well Granite suggests a‘mantle evolution age of 
approximately 2 975 Ma assuming single stage evolution. 
This value has been calculated from the measured age of 
2 713 Ma and the initial ratio of 0.7040. assuming a ^Rb/ 
K "Sr ratio which is the arithmetic mean of the suite ol 
samples. Mantle Sr evolution was assumed to be linear 
from 0.6990 at 4 600 Ma to 0.7040 at present (Faurc & 
Powell 1972). The primary Rb-Sr age of approximately 


2 975 Ma is in good agreement with ages determined by 
more robust geochronological techniques on Pilbara 
Block Baiholiths. 

Six of the seven Mons Cupri Granite samples fall on an 
isochron shown in Figure 3. The model I age and initial 
ratio is 2 430 - 25 Ma and 0.7089 - 0.001 7 respectively. 
However the MSWD of 26 indicates a poor lit. and a 
model 3 age and initial ratio ol 2 366 • 60 Ma and 0.7156 
- 0.011 respectively are to be preferred. 
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Figure 3 — K7 Sr/* fc Sr vs *"Rb/ H6 Sr diagram for samples from Mons Cupri 
Granilc. 


The Mons Cupri Granite is one of the young massive in¬ 
trusive bodies v\liich are common throughout the Pilbara 
Block. It differs From lhe Caines Well Granite in being of 
adamellite composition and having higher Rb/Sr ratios. 
The age of 2 366 * 60 Ma is somewhat younger than simi¬ 
lar granitoids in the East Pilbara. where dates of 2 670 ± 
95 Ma and 2 606 t 128 Ma have been reported (Dc Lacier 
& Bleckley 1972. De Laeter ci al. 1975). The Moolyclla 
and Cooglcgong adamellites are intermediate level struc¬ 
tural types, whereas the chemistry and petrography olThe 
Mons Cupri Granite show it to be of a high level sub- 
\olcanie type. 

The Mount Brown Rhyolite samples give a Model I age 
of 2 331 - 27 Ma and an initial ratio of 0.7136 - 0.0008 
(F igure 4). The MS WO of 3.6 indicates a reasonably good 
lit of the seven samples, but a more accurate estimate of 
the age and initial ratio would be given by the Model 3 
values of 2 331 ±42 Ma and 0.7136 - 0.0017 respect- 
iveh. The data may reflect the local outpouring of the low¬ 
ermost FortescucGroup volcanics(Mount Roe Basalt), as 
suggested by Ovcrsby (1976). but more likely relates to the 
D4 or D5 deformations documented by Hickman (1983). 
The Rb-Sr age is significantly less than the Sm-Nd model 
age of 3 000 40 Ma reported by Fletcher (Pcrs. comm.). 



Figure 5 —* 7 Sr/ K *Sr vs "'Rb/^Sr diagram for samples from Mons Cupri 
Porphyry 


The leldspar porphyry samples lit an isochron (Figure 
5). which gives a Model 1 age of 2 617 * 28 Maand initial 
ratio of 0.7020 a 0.0011. Howe ver the samples give a 
MSWD of 9.1. and a more realistic estimate would be a 
Model 4 age and initial ratio of 2 610 r 80 Maand 0.7023 
* 0.0038 respectively. The Rh-Sr age of the porphyry 
from Mons Cupri is intermediate in value between the 
ages obtained for the Caines Well and Mount Brown 
Rhyolite. Although this is consistent with the geology of 
the region, it must be pointed out that since thc,Rb-Sr 
isochron ages are updated ages, the sequence of measured 
ages do not represent the ages of emplacement of the vari¬ 
ous rock units. 

The calculated primary age of the Caines Well Granite 
of approximately 3 000 Ma is however, consistent with 
the other published age data for the Salt Creek deposit and 
the Millindinna Complex. 
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